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(54) LIVING RADICAL POLYMERIZATION INITIATOR SYSTEM AND METHOD FOR 
PRODUCING POLYMER USING THE SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a living radical polymerization initiator system applicable 
to a wide range in terms of the kinds and combinations of radically polymerizable monomers and 
capable of easily and more quickly producing a polymer having narrow molecular weight 
distribution while controlling the molecular weight. 

SOLUTION: The living radical polymerization initiator system is composed of (A) a 
halogenopentamethyl cyclopentadienyl bis(triarylphosphine) ruthenium, (B) an a- 
halogenocarbonyl compound or an a-halogenocarboxylic acid ester and (C) an amine. 
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r- # s t- > y 5 ^ n nm^mtemm zmmrz „ 

[)S?i*PIS] Tf2©lS# (A) . (B) &J>' (C) : 

(A) J^a^y^-ly^jt f;l/->^D^>^yi - 

( h ^ >) ji/f-^A ; 

(B) a-^ny^Jl/tf-JMt^JXfcta -^P^rV 

(O r s > 

7^6 >j x> ?5ist>)\,m&mtem?k£®i&-$-z a 
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C2) »W2 002-80 52 3 

(Mac^molecules. vol. 28. 1721(1995); J. Am. Che 
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[0005] 

[0007] K+mzM®^ 
[0 00 8] ««J<=1T6. 

f SEE***** 1 mm 
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«fiSsi*&ci«cj:o ±j&<Dmmf)m&v # & c 4 £ m 

[0 00 9 ] BP5#»Pitt. TKQJ£# (A) „ ( B ) 
SO' (C) : 

(A) ^^n^rV^>^y^;Uix^p^>^v?x^;l/t^X 
( h ';7';-WX7 * >) JUf-r-^A ; 

(B) a-^uysfjjltf^jyit&faXAta-^aYs 

(C) r^> 10 

[0010] ttc, *§mu. ±aa)vt'>y7^i/ 
[0011] c<c«jt*ffi(c*jc*r. 9i>^ws 

So 20 
[0012] 

[0013] ^HJJ<D y t^>^^^*jr|/S^5B*&aa* 

j^s^/nigf* (a) ) iUT^py/^>^ 

JSBJ (St» (B) ) <t it a-^aysjjA>#~Mt'& 

^tsoiurr^> (o ) zmmrZo 
[0014] *«W5cfec^r«, (a) o>m&£m 30 

tr* ( h ';7y-;^X7 ^ >) ;u^~^A£H£ffl*r& 

^> £y *;t/^ n <^ > £ x ^;uS£ffecD!2{it4<DS 

£8i^<fc < rgt*ft-e£ &fc&r«&o*p£}gS2 ft£ 0 

[0 0 1 5] jfta (A) Ll^j*«4Lttt. * 

f"- «Jr A^^tf 5 c <t#r# S, 

[0016] *mi<D «; tr>^ 



«H20 02-80 5'2 3 
4 

[0017] JSt> (B) ^a-/>pyy^;l/7f?-;l/ft^ 

Dnr-tr^x/>, i, i-y^na7-fef>^f 
tfSCi^^, e gfc. f&fr (B) #a-/>n*V*7 

p-2, 4, 4 - h yy^U$0t^;U»*^^k 1, 

[ooi8] *mxo tr>^^^^^a^pg^j^cc 

r£14{t»J£ UTJ&fr (C) <DT^>^rffiffl-r 
So 9 ttT 5 >iim ^W^X 

EMTz>m<DnmmT$> : n, n, n \ n h 

7^^x^|/>^7 5>, N, N, N\ N'\ N 
-^>^^^x^l/>h'J7^> 4 1, 1, 4, 
7, 10, 10-^t^^Vh'Jx?l/>f h775 

3?#J£fH— ifgT^>, ;l/T ^ >tet<D^mm 

-^T5>, hy7xx;b7^>^^fMZi7 

W^>, h»;^;l/7$>^i'W^l^ 

[0019] v^v^vtjfrm&mfeMmc 

4fe©-Cttttl^, (B) CC^-TS^ (A) CDSK 

^rs <bf#8nsm^i*(D7>^s^^iA< %sm^& 

S<DT\ fi£7>(A) : J0S^ (B> <D*JW:b«0. 05: 
1-1 : 10fiIt*5CiWSL^ 0 ^/c. f&ft 

(B) ic>pt-rs^7> (o ©w^fi-rfif*t*^a 

^E<aS«fil3WA5<3[)r k (B) :J&5}(C) CD 
■t^ifcttl : 1-1 : 10©«irtr&5CiW*l 

[0 02 0] *%BJ(D »; e> y ^ ^3^7 JbS^IBteflRJ* 
tt. a». W8\B.m<tCf$& (A) cDS^^sm. 

(b) oymsm&PL ro*^ (o <wasttfts(*»ffi 

/c v d£» (A) <DS9&HOft. J&ft (B) (DSdHM 
»JRVjsS» (C) ©rSttfbSO^^ft-etijjil^tc^ttor 
fi^^»*«:*ti-e*igij^«:iRttic. fi^SlS 
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[oo2i]9ct *«gi©y tr>y^^*j«A«>6 

[0 02 2 ] C©«ji*8;«. **»{C»*«!BO V ^ 

»6n*»**W>»T*»*« (Mn) £*i;*:i*i*&C 
i*st*, SS^^^l/****?* (Mw 10 

S^B«:aSlJP-rtiK, 1 «ciS^«*fi8»b 20 

p -y^ux^UX p p 
- t -r/^l/X^U^ p -n-^^x^vx p- 

>T*£>& 0 ^**y;Vlfc£X?\rt>£l/TB:, ***y^ 

* * y iuan-^ **k * * y 
£ 0 g/c r^'j^K^^ii/ttt, r*yn«M 40 
^;k r^yji/Ki^k r^y^K^Jk r^y^ 

r^y^BM^k r^y^K-/^^**^*s. * 

u*) r^y^m^yt/^k (-**) r^y^wr 

ffflt5ctOT*^o tete. ±eo r uso r^y 
n«j « ry»^y;i/Kj rr^y^Kj <D*gf*r so 



[0 024] *^©iSJi*ffitc4di>r , s^sco^fi 

0. 5-8mol /L ('J * . 

U>OBl-4mo 1 /L<DfaH-C&£o *a)RfiCfc» 

fc<D-C«£cl ^ ^ * ;l/S^J|tSf*CDj*ffi_CCi£ M 

<D(?X «E» (B) ©S^BB*&»Jt«ffi«. 
<»0. . 1-1 0 Ommo 1 ( S y*Jl>) /L (y y b 
. #&OT£U<te:0. 5-5 Ommo 1 /Lt'ft 
(A) <OJB*fflK«»oaKtt. »*U<tt 
0. l-50mmol/L,»K:»*U<»0. 5-1 
Ommo l/L-C&So (C) (DT ^ 

jgfct. dfll<«l-200mmo 1/L, 1$Ct»£ b 
<(£1 0 — 5 Ommo 1 /L V C&£ 0 

[0 02 5]$^®}?!^^, ytr>y^5* 

onm^r. s^scc, m^w, mm. r%> <jm 
(C) ) ROMilWKt <«5» (a) ) tf>*>u*>m& 

6 0-1 2 0 -CCDiBHrtCD^^ttlS^ * CI i CC 

[0 026] *^SJ»»T«, Wxtf, *^KlC**0 
C CWT. »*U<»-7 8taKCc»9LrSlfi«:ff± 
oi^r h ;i/x >i?<DW»®!«*cSJSSa?£^*« 
Officer m&m^\&<D&mi&ftte£*&£i>fc 

[0 02 7 ] 

[0028] feiTo^afew&s^tcjtteWccfci^ 
[0029] Haaa^»*©#*(* 

[003 0 ] nhtltcm&ftOWL^f&S (Mn), 
(Mw) mffrf-ttM (Mw/Mn) 

(gpc) tffl^t, *©*fr«cT«5eu. #y-^#^ 
yjm^^ik #yr^y^K^^acjp#y 
y ju^^^^u-t^ y )\zWl^^^) ^>#^^itaft& 
d<y i;ii/Bjy^ii/*#«:r, #y^?-u>»#y 



(5) 



^7A:^ 3 -f^XK-8 0 5L (3#fli^J) 

: 4 0 'C 
MtiiS: R IRtfUV 
tfifil :1ml 

[0031] mmm i 

'j;U^y ^;t,4. 2 8ml (40. 1 mm o 
1), h;Ux>3. 57mlRO'n-t^^>0. 85 
6m 1 *^aU>*Ki^cc8RU Icm&LtCo 10 
COg^»Ci/y^;l/7 $ >(D5 0 0 mm o 1 /L h 
;Ux>^0. 80 0ml (0. 40 lmmo 1 ) ^ 
x., oc>r ^pn^>£^^jl/^#p^>#>?xx;i,t: 

X (h'j7x^X7Y» ^f-^A3 1. 9iDg 

< o . o 4 o i mm o i > ^muvm^x+^tm 

U ii(c2-^na-2, 4, 4- h »;^^;b^rb£ 
^® f Jl/CD 8 0 2 m m o 1 / L h >M 0 . 4 
99ml (0. 401mmol) £JJDx.fc 0 f#6tl/t® 
8 0 °C&C 6 C £ Cc £ 0 »&Rl£*HIteS # 
fc- 20 

[0032] m&fcm&mm&emmm&Lfcm&c. 

S^^**-7 8-ccc»«rr*cifcJ:i3. *^EjS 
SrfP±3-efc. 'JJl/K^fiK!Di^$ti3 l%r 

^ (M n ) »38 00, M^*^ 

(Mw) fct4 1 0 0r v ffiotMw/Mnli 1.0. 

[0 03 3] mmm2 

mm i K*5tr>r . *^kj6*h»ot s o Npiaafcf? 30 

<DMnttl 2 7 00, Mw(il 4900, Mw/Mnii 
1. 1 7T?*"5 V GPC«|«[tt*4Mtr*ote. 

[0034] 9aKM2 zmmm 1 &Jt«-rntiw6^tt 

tiSS^*©Mn*J*t^:-r4*5. Mw/Mn®fifc»l«: 

[0 03 5] Jt«W 1 40 
y»*'j;l/BU ^;U4. 2 8ml (4 0. lmmo 
1). h;bx>l. 28mlMn-t^^>0. 85 

CO^g»7^^»)A hUt -^h*^K<Dl 2 
5mmo 1/Lhl/X>M3. 2 0ml (0. 40 1 
mm o 1 ) Sfln*., o(,>ri^PP h 'JX (F'j7x^ 
;l/*X:7 a » ;Ur^^A 191. 8mg (0. 2 0 0 
mmo 1 ) %miELVlMX.X+AlcmfcU. mSUCtsira 
py-fe W *s ><Dl 0 3 0mm o 1 /L h;Ux>jgjg 
0. 38 9ml (0. 40 1mmol)?:K/c 0 fl6 50 
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hteiB^ft«:8 0"CCCJffiar-5C<t8cj:")*^SlE;*H 

[0 0 36] *^Sfl5*IBMrLT 1 5 0l$n&fl& R 
-7 8'CCC^T*C£K:J:'K fi^El££ 

^±Si±/c 0 ^^^';;u^^^^<Da^«9 4%r* 

^l/©Mnl?9 0 0 0, Mw» 1 2 9 0 Or, gE^rM 
w/Mnlil. 4 3-C^o/c. 

[0 03 7] mmm 1 so' 2 ±it«« 1 tzitmrtwx 

[0 0 3 8] Jt«W2 

-rf**y^ltrf*JU4. 2 8ml (4 0. lmmo 
1), h^x>l, 17mlMn-^^^>0. 85 
6m 1 *^*U>*JKj£S6cKffiU «J— tcfi^Lfc. 
ccd^^cct;u$x^a h y -fvr/atf+s/ KOI 
2 5mmo 1/Lh;l/X>^i3. 20ml (0, 40 
lmmo 1 ) £#[Jx., o(,i"C^DO^>^^^;l/i/^D 

•^>^yi-;|/b'X ( h i;^a:X^^-7 ^ » Jl/T*^ 

9mg (0. 04 0 1 mmo 1 ) «r^ar**D 
xT+#&c8tl$U ^f£Ct2-^PP-2, 4, 4 - h 
y^*;U^dr;l,&*?>^<Z>8 0 2 mmo 1 /L F;U 
^>SS0. 499ml (0. 4 0 lmmo I) *ttl^ 

[0 0 3 9] K^SJ6*HW«3 1 3 B^g&OfcBfrS 
r, Ejfcig^ifc*-- 7 8T;cc&«rr&c&<c,j:9» 

Jl'tt^?Jt'<DK^&?< (Mn) «96 00, 
305^* (Mw) til 1 2 0 Or, Sf-.tMw/Mn« 

i. i7r*->/c 0 

[0 04 0] £Jfc«W2 i^tfctt-rtiaflBe* 

[004 1]*W3 

X^U>5. 04ml (44. Ommol), h;Ux> 
3. 52mlS[>'n-t^^>l. 01ml^>aU> 

^ >(D5 0 0 mmo 1 / L h;l/X>j§i0. 8 
80ml (0. 440mmol) JJlx., oiif^OP 
•^>^^^JbV^O^>^>?x^;l/t*X ( h 'j7x^l/ 
t^7^»^^A3 5. Omg (0. 04 40m 

mo i ) 4SfflrjraAr+#cctB#u Sf^cc2 - ^d 

n-2, 4, 4 - h T-fotfJbZfrWBsjt&jbtDS 0 



(6) 

9 

2mmol/LhJl/X>glO. 5 4 9ml (0. 44 
Ommo 1 ) *Jjn*.fc. Wfcftftffl^tt* 1 OOW 
fi-T 6 C i Cc J: 0 a^KJE*B»& 5 -t*fc. 

0 0, Mw{*3 1 0 0"C. fitotMw/Mnlil. 0 7 
r&o/c 0 *©6PCilU*lttt*^fc. 
[OO4 3]H«0fl4 10 

Htt«3cc*$^r. a^Kj£*Hl*&LT5 

Sl£^tti{C?¥aE-rS?Pyx^U>(OMn{il 1 0 0 0. 
Mwttl 2 000, Mw/Mnttl. 09^0, GP 

[0044] *M?d4 £X*M3 iit«rr*i6*W6*>ft 

tlSl^»©Mn«W-^3(l^ Mw/M n coffin 1 «C 
iSl HWCflWbh W6Ci aW5* £ □ 20 
[0 04 5] Jt«W3 

X*\s>2. 52ml (22. Ommol), h;bx> 
4. 24mlRtfn-^f>0. 5 0 4 m 1 ^rS^ U 

r^^^AF y-f V^P^^sy K<D1 2 5mmo 1 / 
L WUx>?gifc3. 5 2m 1 (0. 4 4 Ommo 1 ) 4 
JJDx, oi^^pnMJX ( h y ^^jU^X? ^ 
>) Jlsr-^tJA 105. 5mg (0. 11 Ommo 1 ) 

*Sarftp^r+»«cSB¥i/, msuc 2 - ^M-2 - 

^^;t/^n/^>^x^jU(D 10 3 Ommo 1 /L hJl/X 30 
>i§?&0. 2 14ml (0. 2 2 Ommo 1 ) *BH*. 
f#e>n/cM^)4 1 0 O'CCCfflfiTSCiKiOt 

[0 046 ] a£SI&£Httl/T 5 OBMaatsfclftS 

5 0 0, Mw«1 68 00t, JEotMw/Mnttl. 
[0 04 7] SI^3R<^4<bi:b^Wl3i4it^Ttl5^ 40 

«wo«i»r*5a^itt*i iw^pp b y x 

[0 04 8] HMW5 

7* yjl/Etrf?Jl'3. 42ml (38. Ommol), 
h;Ux>4. 27mia»n-t^^>0. 6 8 4ml 

^■i§^c^y^;UT ^ >CD5 0 0 mm o 1/L h;Ux> 50 
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SfSEO . 760ral (0. 380mmol) fcflllA, o 
^t^na^y^^f^^^D^^^i/x^^t'x (h 
>J7xx;W7^» Jbf-^A30. 3mg (0. 
0 3 8 1 mmo I ) *Mfflr;»AT+#K:»#U 
Cc 2 - ya^r- 2 - ji ^^^nA>iif^O 10 3 0 
mmol/Lh;l/X>SifiO. 369ml (0. 380 
mmo 1 ) £»nx.fc e t#6ti/cffi^BJ*8 0 'Cit JjQST 
4 C t &c J: 0 reSF&fcHtt 5 #fc. 
[004 9] fi^^*HJ^«2«FlB3BiaUfc«Fja-C, 
JSJCBS^iR* - 7 8 °CCC^ip*r SCi CCct: 0 , S£J£l£ 

*fc, sB?s^**ccflpaEr*#yrf;^«^^ 

JKDMn«3 10 0, Mw«4 0 0QT\ ffiE-oTMw/ 
MnBl. 2 9"C^ofc 0 £ fOGPCtJBtt* 

fetters oft:. 
[005 0] Xttffle 

se»«5cc*yo»T. »^Rj£*HteL>T2 4«miaccf» 
91%. si£»*ec??aE-r5#yr^y^M^^^©M 

n&*8 8 0 0, Mwttl 1 2 0 0, Mw/Mnttl. 2 
7r£>D, GPCftW*»»tt-C*oft:. 
[005 1 ] *HJ6W5 £tt«ThtfW6*>& 

ftSa^ttOMn Mw/MnOWliC 
ifilHHfcffi/cft-CI, > 5 C i ^*5„ 
[0 05 2 ] Jfc«W4 

T^yjULrf^JH. 71ml (19. Ommol), 
h;l/x>4. 22mlWn-^^^>0. 342ml 
£V^u>^j£^cftmu ^)-icg^lfc 0 ceo® 
^^Ah'Hv y'ci5j^> K©12 5m 
mol/LhK>gi3. 0 4ml (0. 3 8 0mm 
o 1 ) *ft!*., oi^^ao h yx ( h 'J7x^ 
X7^» ;Uf-^^A9 1 . lmg (0. 0 9 5 0mm 

o i ) zmfcr-lMZx+mcmftis. ««{c2-^o* 

-2 - ^f^^n^OSi^KDl 0 3 Ommo 1/L 
h;l/X>S^0. 18 5ml (0. 190mmol)£ 
JPitfc. »6nfc»6«rtr 8 0 •CfCftlfi'T SC <5:«:<t 0 
a£E9&*H»&3ttft:. 

[0053] a^sift&iDfiei 1 4 5 mmm&LtcmgL 
r*o. *fc, raBJi^*^#ars*yr^y^ 

^fJKDMn(J6 8 0 0, Mw&£1 0 90 0r. JEot 
Mw/Mnt21. 6 0t^^/Co 
[0 054] ISfcWSRtf 6 <fcJt«W4 <fc*Jt«Tft« 

«?8a>«Hj^r*6a«^a«a#ii/-c^^pp h y x 

(h'J7x^WX7-/» ffittftffJiLr 

t7;i/^«^A h y-fy^n^+^Ftfflc^fcai^ccIt 



n 

[0055] mmmi 

JZ!?>))im*?>l3. 2 1ml (30. Ommo 
1) , T^y;U^^JU2. 70ml (3.0. Ommo 
l) v h;Ux>5. 66mlSt;n-^^^>l. 18 
m I U>^SJfctrCc£i^U 5cig^L/c. C 

(D^&feWc Y y -JV-yVT 5 >CD4 0 0 mm o 1 /L h 
^x>gjgl. 5 0ml (0. 6 0 Ommo 1 ) £fla 

X ( h 'J7x^^7 y >) J^»)A4 7. 8mg 
< 0 . 0 6 0 0 mm o 1 ) iarMxtt^ccW 
U ^gSC2-^PP-2, 4. 4 - h 0S*)W)l>2 
Jl/ffi^^ f JKD 8 0 2 m m o I / L h >M 0 . 7 
48ml (0. 600mmol) %M?Ltc 0 M^tifcM 

/Co 

[0 05 6 ] fi^Kjfc£&1tef£5 9B$re1igi^«, Jg*S*M 
^&£-7 8T:ccte^£t<h&t<fc9, fi^ra&*<?± 

^(^tl^tl9 0%^5 9%r^>0. £/c, 

^tJHCifjqi-r v £ ^ y ji,bm ^iu - t * y 

5>^AitM^<*CDMn«9 0 0 0, Mw(J 
1 0 900t\ iotMw/Mn{Jl. 2ir£>-?7t 0 
[0 05 7] Jt«JW5 

J2t"))imst?)l,2. 14ml (20. Ommo 
1 ) % 7>y;my^l. 80ml (20. Ommo 
1), h;bx>l. 68mlMn-t^^>0. 78 
8m 1*^»U>*R|»K:SEKU — CCjg^Ufco 
C(Dil^?gccT;u^xr>A h y t -^b^u^coi 2 

5ramo l/Lh;l/i>gi3. 20ml (0. 40 0: 
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* mm o 1 ) otit'^^DP h y^ (Mi^xr. 

)1>*X7 j >) j|/f^-)A 1 9 2mg (0. 200mm 

0 1 ) £MSrMxT+^cm#U ttfttCQttfbgiX 

01 030mmo l/LhJl/X>gi0. 389ml 
(0. 4 0 Ommo 1 ) £jJUx/c 0 »6tlteil**4 8 

[0058 ] S£jKJS&Htefft 1 8 0 B$N|gjftf&. Sj£ 
tB^«*-7 8XlfiCJft«l"rSC4ecj:0. fi^SlC^f? 

iM^^tcffii-f £tf y (y £^ y;ug^^;i>-y^ y 

>Wtt**)},) 7>yAitl^ftOMn^6 0 0 0, Mw 
ii9 5 0 0r 4 SE-.rMw/Mn{il. 5 8t'*o/c 0 
[0 0 5 9 ] HttW7 <ttb«W5 <b*J:t«S[-rn«?86^ 

JfiHJfojH^^RMfttcr^^an h y * (hy^* 

[0 0 6 0] 

*»w<Dy hr>y^^*ii/S^BBJ»UJfi 

Mcc'^a^wottt *«^flcft«js-j- set jpoitti a 
&<, -eur v *©y v>?vist>frn&m%ffl?h*:rM 

:30 ^©Sfcc*^^»*«J6-r4ci3(MpI«<E:a:*. 
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